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Problem to be solved: To upgrade a firmware code of an optical 
disk drive through an ATA/IDE interface. 
Solution: This device has a programming controller 32 which 
receives a signal from an ATA/IDE interface and decides whether a 
host computer system requests upgrade of firmware or an optical 
disk drive requests to maintain a normal operation by executing 
input/output decode. A multiplexing device 36 has a 1st input which 
is connected to the programming controller and a 2nd input which is 
connected to a microcontroller. The multiplexing device switches 
the 1st input to a memory device through an multiplexing output in 
order to execute an upgrade operation when the host computer 
system requests the upgrade of the firmware. An on-site upgrade 
operation can be carried out without accessing an inside of a drive 
unit. 
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F'Tilt*3H2<0«B«c*JC»'C, 
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-^Uv v^tCio-CSmsn/cfJieATA/I DE-f 
>2-:7x-*jfc6<Dftl£-r-5fI#tt. HffB A T A/ I 
DEO*-7x-*©7*-*la#©^&< tfcT&8 30 

[§1*3122] ATA/I DE-f>f-7s-^ 
l/t^f^i'F7^ffl«)7r-A^x73-F% 

gUte^T* ■< * f CD-ROM K7^7"C 

Cf#3fcJI23] ATA/ I DE -{>$-7 x — 
l/T^f^i'h-7-f^l07r-A')X73-F% 

r^yu-FraiMsii so^Kfco-c. 

fiTte^T* •* F^-fT'tt. DVD K-7-r^-C*-5C 40 

Hmm24) ATA/IDE-f>$-7x-^/f 
U^f^?F7^7'ffl07T-A^X73-F* 
7>7 , yi/-FmSt*-5t. ffi§&t¥J : -i Xi> F 
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A*7 7-A'7X707v7'yi'- F^S^l/Aii #. 
fliers F»]«Wb*-<a^<!:B!rie^3(D^^- 
TVKt^iflJseATA/l DE-f>f-7x-^)!P60 

*fio-rsm#i4s<iL. mrtBATA/i de-o^- 



(6) 
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|trfE7"a 9^ s >4/3 > F n-=7^-mMU^u 9 1 ? A 
^^-t'jU^ v^^. mile** F 3>fa-$ s^f-A 

ser t» 7- y u - mmit* -am t ttriam 4 © * - ^ 

;l/ff# <t HtJfB A T A / I DE-f>f-7x-^6©W 
j£-r£<a#<i£SfIU mrfBA T A/ I D E A > $-7 

[»*B2 5] ATA/IDE-f>*-7*-^ 10 

r »^u- KT*W*9I2 4©ga«:*5C>T > 

KigjRLfci*. frier fu^o^a 

E^>£-7x-X#>6©*ffc;-r-5><f-*f«. ItffBAT A 
/I DE-f>*-7x-*©^ttl 6tfy KDTFU* 
fflW?* S C £ <b -T 

[lfiiJ3I26] ATA/I DE-/>$--7i-^ 

7»^u- F-r-5if^2 4©^a(ctj(,»r > 

F£g*bfc£S. fJfBf r -*7'CZ^A-f 
» ^{C^o-CSM^n/cfriBATA/ I DE 
4>*-7x-;*fr6©*fJCSTSfi-stW:. UiriBATA/ 
I DE ^>*-7x-*©7*-*ft#©4>£< £feT(4 
8K? FrA-SCifc^i-f 
[3*3*8127] ATA/IDE^>J-7s-^/f 

7v^U- Ff-*M*qt2 4 ©#S(Cfel*T. 30 
MB** ha>tf»-iiJ/XfA*«7r-A')i707 
?79\*- F*K*0ft:&*. IWaWIP^By^A^* 
-:7*9»*«Cj:oT*ftStifcfnBATA/I DE 

>dr-7x-X*>6©*fIc:r-5M^». I3IBATA/I 
DEW>^-7x-X©7 s -^<t#<0^< ifeTffi8 

e? h-c**c 

[IH&92 8] ATA/IDE-Of-71-^ 
l/t**?^* F?^i07T-A')i73-F* 
7»m- F-r-5W^2 4©^iS«C*5C>"C > 
ffrK3&£?wX* F5 CD-ROMK7-f^T 40 

[IR$a2 9] ATA/IDE-/>f-7x-^ 
It^f^i' F7-f^ffl©7r-A'5i73-F4 

*IB*¥*wX* F9.-J7H:. DVDF9-f^C**C 
[000 1 ] 

F7-f^©7r-A')l73- FJfe*>'f"-< F (on 50 
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-s1te:JtSfcKltt) -C7^7U-F (i&A) T5Ci(C 

Hi. "€-tlK*fl6l/-C*X h3>e»-*^^f-AOA 
TA/I DE-f >*-7x-X*gai/fc7T-A9x 

73- For»^yu-F*"ltt«:r**tt«:Hr*. 

(0002] 

[«*©««] *?f^^F7-/^. 1$iCCD-R0 

or— «W{ctt o . « £ a, £*©^- v t^i- 3 > t * - * 

A«C4>ft< £fc l^fStlSi^K^-jtl^ 
•5. rC-y^\>U3>K»-*©tftf|i-Ctt. CD-ROM 
F*-f:/©RIH*. S»?iCD-ROMf 
£«ttf«R©E1«f«:*H;Sftrt»4. c ©**.«. * 
iEtS&{*©llffi5Ct3$R£IBttT*?K§l7 : .f 
F9-T^<kS*W«:i3It8r*4. C©1©CD7t 
5 y-©y a— •f*i»*ji*-C#^ct,>fc 

" CD-ROM" iPf«n*. bfrLte&b, $ffi 
(CSS 3 n S C D - R O M*> 6 ii^S©^- ^ i» -fe 

[0003] CD-R0M«, I SOKioTfyf JU 
f r -*Btt©WKcSW8S*vCt»**i, ttUf-ZO 
*«%ffite^SiL/r©f6©l£:fflt*4. *ttttV7h 
"JrxTOHWOTC. CD-ROMF9Y^«. CD7 

rs y -©«&©*-( 7"©?v ^^©ri'Hz^ccfefieffl 

[0004] ftiltf. ^-VW3>ta-$^fA 
rt*. CD-ROMF7-f^»l/«L/«S63t5©CD^U 
-f + it/"C. iEK:lflltttt©CD. 0*tNKCD<ceMk 

ISCDW^A©^^ 77 5 y-KfcTf^CD (VC 
D) ©<fc5£7*-vs/ F#tti3IL-C<,>£. «£*©><- 
yt^3>f*-^CD-ROMF7-{^i. VCD 
t-r^-'T'P 9 7 A* 3 > f * - £©g|7nifflffi±{C|?£-C 
t-S^tCfSfFSttr^-S. MPEG- lfC&ESttft: 

«&<. <ecr2o©^mfflgifei8y;u-7-*iSiaf r ^ 

[000 5] C*l«»fA:47*-i»ffitt©7*--?» FT" 

* 0 . ^is«is©^ffl«: j: snawtc^st© ertthm 

*«0W*MPEG-2«!«C*-3< CD7r 5 y-© 
$rfc&y>/i-T?*S. DVD (7*S/*;Ut7**7*^^ 
d') »8**asR3n"CC>*fc»i>. CD-ROM?*-"? 
v F K*W SffttK© DVDF?-/ 7<omtct£U*7- A 

i~rntf. cn*»6*5Ssti5DVD F^-r^tt. ■?© 

f7*^FDVDKjfl^.t. CD-ROM^rSc^KiC 
[0 0 0 6 ] #>< L/-C. 3>f a-5f^Xf-A©7t^3 

>A-?h7 5 ^i' (CD) t^XfAil/t. CD- 
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-^v F£7^*r££cl;5GC7'U^AT££o C 
»x8 6^-^(DI BMSIfta-Ctt. V7 F 
■?x7 F^-f L,r*D6ft4#S6«:J:o 

ritsffsn-s. ^u-f^^rAiciotfi 

?n53>k'a-^y^r^, ®WStV7_F r 5x7 F 
T-f^-f^h-WSCitCiot, CD-RO 

T-f^K*H10K:fl6flS-c#S. cft60V7F^x7F 

a*WCCCD-R0MK9-f^©*JI»t/Xf- 10 

A&*»^»#si4#2g£M * y f'-w w*«3Bi w 

tg^yay^v*r;^^UiL#ffl^• : e , ; (E PROM) 

'J (EE PROM) rt{CXF73W, 
[0 0 07] CCD7 7-AOX7Kg-^ CD-RO 

OVX^CD-ROMf'-^ F5^4>8M&*^fT-C* 20 
So t,*bfc#6. *4iOt«Klt #KCD-R 

fA ;U/7 7* 'J 4r - is 3 > U^CiKO F7 '*"C* 

Jl/<DF9^fc£Cfc»£tt* ^ItCttCD-RO 
MK7^^*fiI«MS*ii*-fCC»tr. L*Ltt3W6, 30 
*CC L "C WEOfflH* CD-ROMF7>f^7r-A 
^X7&t£Dfcf§^^ V7 h^XT<D«Htt^nl3BW 
«c£ < <0 h77';^?|^Ct 0 
[0 0 0 8 ] S#ffKC, F7^^77-A-)x7^e> 

*yj*KC* hTSft/c^r-A^xTteT^^b- F 
(upgrade).. Hl%BjBO*t^tt©3 fcf-CC J:or«* 

8i*6tittwntfa6ac». 77-^^x77*0^7^ 

IHf-rsyt«E>*c % -tftttttAv*-* F*»6«9i*S*i. 

* -5 w*¥ eg w » 3 n /cwj^jihi bsc^ 6 a g * 3 n 
umm<om^y r - a^xt-^p ^7 Ass^tiS-/ 

T-A$iT©*hTfc^i&*i4*^C*K EPRO 

*ocD-ROMF7-fy»woy7W *>-y-f h so 
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[0 0 0 9] g£*€>CD-ROM F7 ^CC^tr^ 7 
-A-)X7©±2l/c7 7^U- hv»a<D«a». 
^y-A^xr^-ty^-r^wisgfi-cdSi^w:, f 

yf^w*«c«iwai»R»£o-c, CD- ROM F7 

b'a-^WAa^7 h(DF7^y^SSP^6BX0n 
E«C, EPROMSOf/XBEEP 
ROMfv^X (DvSS i7*ay7^> ^ tta*»J8<D* 

CD-ROMF7^^c5tt^M 
^77^X77^7^1/- Ft&mi. -flatten 
>t'a-^yXfA(DX> P^—1fM'Vtt1ft>tlf3:^ 9 
J:0W*Lt^^y*«, if-t^xSM^^Xr-A^^ 
CD-ROM F^:/*K!3J*3-B\ MCC-tOK^^ 
*. 7y-A»)x7*7y T^U- Kr*S*Bfi7£«ciS 

[0 0 10] 77-A")x7W7?^l>- KSti*^ 
*CD-ROMK7-f ^#SBfi7C©JS»«:iIjS S ft 4 
<t, ^-^WH&Sti, y^ey T^^'YX^ F^^7'(Dm 

6*3 Itffi 9 ft*. 

H^n^^5>^3n4i. iEl^77-A^x77'a 

#F^^©«fl§iKcci&*Lia3ft*. +45*s»*& 

moQHC* 7v7 , yu-FSn/cCD-ROMF7>f7' 

tfciM»**S. ?B6*ttJ:5CC. CD-ROMOT-^ 
yu-FcCi2*tt^r<Dtt**a^"i"Sfc«)«:«, ifc« 

jPCD-ROMF^-f-yofflS*. >m*#*#i*-c<d 
*BS v- > £ *g#-r &*#Bttcc & s * rfiT 3-^6 

[ooii] cn«. Wi©«iEJHiBirtecfiiH*>CD- 

R0MF7-Y7'^-r47T-A^X7CD7^7^U- 
FifStr-ri^Btt^rS^^-C**. *<D«tt£ 

Wft#tt. ryyyu-F*«ff-r4ccsi:*tt*r 

mmbxmmtftftti&&a&2ii&cttf*>&. F7-Y 
^7-*K0^Tfc^(Dfirrf5^si/tti-ra«^. u«u 

«^ffiftCD-ROM F5^^<Dffi»©f>^UiBIDCC 
[0 0 12] 
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a>b , a-^y^fA(7)ATA/ IDE>f>£-:7x- 

*w ^ ^s^s«-r & c ± » * . 

[00 13]*8fl<DftOSWBv 77-^X73- 
K & 4-rf*y*c*XF:/P-fe? * 

A/ I DE^>^-7x-^/Mt^fYX^F7 
^«C77-A«Ji73- F**>iM ht7^7U 

CO 0 1 4 ] 

l/t36?f^^ F7^^ffl©7r-A»)x73-F* 
7 7^U-F«8It*ot 1 ifrlB^T^ X^ F 
^-f^B/UE^T-A^a- F*X FT-T£/c&> 
OV-ty 7^-YXi, UriB^r-A^xTn— K*3Hf 

urfrtE F7^f ^cc <fc siwajft*^ -/ x tft^or * -fe 

/ I DE ^>^-^ x-X^/TLrmfgB^-r^ F 

T£„ CflDSBBti, BufBA T A/ I DE^>^-7*- 
Tfi5iB*X Fn>fc' A -£^X^A#MfB7r~A^x 

«A*««na^o ^7^>y^^ -^^m^^^frr 

tCC, 7 7 -A I )l77';77U- Fl&fE*tT5fc» 

fc. BuiB^Sfba^^^urMfB^ioA^^fuia^^ 
y^wxicajftAi. 

[ooi5] *»w©±iafft©aw*aiEdE'r4fc«>, * 

»BttMCC. ATA/IDE-f»-7*-^*Mt 
jfc9*fvX* F7-f^i©77-A'5iT3- F*T ? 

^tt. HJE^r-A^xra- F*X FT^Sfc*©-* 
^yfvWxi. Wia^r-A-jxTn- F*SStfUT 
F^^^ftc J: SWEte^f* -/ x * F<*g<DT ^ xft 
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«T4. C<D#tttt. mriB^^^^F^^^ 
MfBATA/I DE-T >J-7x-^*6P*$ 
«U ^ItA^/ffi^f^- FiffoT. MtB*xF 
3>fc'^-^>X7"A#mriB7 y -A»)X7(D7 7 7*^ 

£ 0 Wiejfc¥?wX* F7^#, «HB*XF 

A^7 7-A^/X7(D7 yy'if]y- 
F*S#bfci*CC, H?IBAT A / I DE'/>^-7x 

jl - *#faiE^ * y -Y XtcBig#£i£tf C £ CCcfc 6 
77-A^X7777 , yU- FttflTOfWTfcitSU * 

l/tHE*x Fa>t , ^-^'>xf-A^mrtB7t^f : ^ x 
*F9^^oa?WM¥*«*LA:t*tc, SulBv^u 
n> F n - 7^MIB^ * y f^' xccSSBW 
[0016] 

[0 0 1 7 ] 3PSEO/^-V^JUn>t:* A '-^CC*tO, C 

D-ROMF^-r^BaaEtOTShr^-sit^f-f 

5 y-*jB»t brifi<ai3Hr*DVD F9-f^OJ:5 
[0018]-*, *X F:3>t*^-^>Xf*A<Z)iI<I 

■r sfc»ec3H<Eoc D-ROMF7Y ^ccttsaa© 
>^-7x-xif^iiffljnti^^ ifcat©« 

30 ATA/ IDE (Intelligent Disk Electronics Sfc 
f* Industrial Disk Electronics ) -^<D&4t 
A-*/ 3 >E I DEr**. «6<D*»K:tt. SCSI 
(Small Conputer System Interface ) ts^^l/Jltf — 
F-Y>*-7*-X#^£ft£ a *«9§«C<fcS3fe^7W 
X£ F^-Y ^©3ffc»<07y-A«>xr=i- F*T ;77 
U-F-r4S6««, ATA/lDE>f> 

^-7x-x^t^cne)<D F^-f ^cwafflccft 

[0019] *IMB*SiWr4B«W)fc»«:, S£*cd I 
40 DE CD-R0MF9^^«<0«WlW»iaBiE»sa 
T-C&IE3ft£ 0 Hl^-ri^CC, ATA/I DE-Y 
>5?-7x-X^ j 5Se*(DCD-ROMB, I DE^' 

/c*(D^[e]882 0 irtltSo 

[0 02 0] — «»ttCD-ROMF7-f ^fflOlWWH 
882 Ott, F9-Y^©rt«ftf¥**Iffll , r4'7-f ^an> 

Fn-7 (uC) 2 3 5ix^, C<DfH0S82 0»E 
JSfnn-Fi F7^7r-A^x7^py7AO 

^-^iitttt-rs^o^a^tt^^y (nvm) 2 

50 3*iix.^ 0 Si^b/ci^CC. ASWttCD-ROMF 
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>hD--72 3<!:*X h n > t; ^ - 2 yXf ^ > £ 
f^S^a/c&OCD-ROM^n--^ (CD-ROM 

dec) 2 i j^wjftmaiaBz-ffa. 

CD-ROMF^-f^«l^iOT*«tt«ffll/*i' 
(DRAM) 2 5«:J:^r»#t3n4faW^ 

frJM38S2 OfctMCC, U--tffcT^T FJBOIJ- 
-#WI»«SI8B (MECH SERVO) 4, 7f« 
LtcCDT-*?m<D?i/Z)l>i<'>fj*)\'y'V-tevy (DS 

p) r^^^#^*T^aym^^^-rs/c^cD 

f^^'7ta^M(DAC) CD-ROM 

e^**t«**fc»<oiirB*ss (preamp) ±z 

C0 02 2]H2tt, jUaWficIDE C D - ROM F 
"yA-JO—mt Or, 7^03>ha-723, CD 
-R0Mf3^y2L ^tt>* , J2 4tBSffl(Drt 

<fc5CC, CD-ROMK7>f^v^^P3>FD-7 
2 3tt. F^-Y^r.* hrtOil^O^-^T^-feXKl 

Ctitt, CD-ROM F7>fyy7 h^x74^fl 4 
I DE^>#-7*-*^X 1 0(DS« I DEd 

UXi^HA0-2«b 4 AA/ffl*#-FW«t#HC 
SO-li, 16^v hCDf-*^HD0-15t, 
f60WS^iLt'J-hy7^ h* FP-^m^HR 
D/HWRt, ^SsR/WMI-^H I RQ/HDRA 
Q/HDACKi, U-fe* Hi-SfRESETi. 1 6 fc* 
v V I/OeSX^-- jr^fgTSfi-^I OCS 1 6i#£ 

[0 02 3] #*9IK:«SATA/I DEO^-7x 

- F47^yb- F-TS CD-ROM 

F7^^{cjBfflt"4{c»3ELc>ir?o!)iiiaw£ur, h 
3cc^sna^^fij®08S*«^ac<h^i^*ra, 

[0 02 4] *»?S«:ffi5ATA/I DEO^^x- 
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F^T-v^U- FT*fc»©g«©**«;&:tt. AT 
A/ I DE^>^7x-^^L/t^X hnvt*^-^ 
^efflShSJgTft*^- F-T4C4-C**. rn-F 
Sft/dSStt. Wh3>b-a-^i/XfA^ CD- 
ROMF7^ ^OjI^Ot*-- * T ^ -fe X»f¥<0l6J«*il 

:£u-a>£<Da\ FtStt-rf^eyccSiitfC 

F"C7 T-A^xrn- F«rT^^ 

yu- Frsci**^LTc»5©*>*ife3e-r5. ** 

10 F3>ea->^fA#*>t^ KD77-A-5X7 
(D7^77l/-Fmt^{l CD-ROM F -7 
-/•/©ATA/ I DE-/>^7 ^-^(^^"JfA'^ 

*X h3>t' A -^CD-ROMF7>f7'ax.; ho 

ii^iM^-F^oa^s^'rais^B, K7-f^ 

I^7-ay7A3- K***frT&. 
[0 0 2 5]#*(A>$W«"Ctt. ATA/I DE-T> 
20 ^7x-X^WcCD-ROM K^-f^r-A 1 ) 
xT©T*^U~ K*fr 9 fcftCC. 7>f^pa>FD 
-7 4*©7 r - A«)x7fl!)ffli!li> * 'j f;t-{ ^ 4© 

rate, (^»b@sg) i^ncc 

v;^^U^BF7>f^077-A')x7j'ty 

7*^' ^ X (CIS* <5 2 Pjffett 7 s - * T ^7 -fe *j|£gg<D 1 

F7Y^<Diima6f^^T-cs^$n, *ctB7 

'j3&i?>7T-A'5X77 , a^7A(D3- F<hf-^^ 

HOflflfefcttS. 9J6*fcJ:9(c, y-t'Jf^W^fctt 
o v -< ^ o a> tr* - J: o rn?f sna^-t »; r f 

[0 02 6] ^r-A'Jxrri-KtSitt^^yccStOH 

- FT ^ ^^U- F)WM*3 tifci # tC*X h n > f a 
40 -dr^f-A*6>fi«T^-fe^3ti4 J:5«:-rSfc*0 

^»J^Wxe?f^^ F3>4 :/xx-j> hO I DE 
^>^-7x-x^l ( *XFi/^A©7'at7 

1^*57 r-A^xT^^eyo^-tysiHtciasT^-b^ 

50 [0 0 2 7 ] CCrjfc^6*l4=J->lM F^7-;77U 
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[0 0 2 8 ] 3&»< UT. H3«:iS$ti4J:5(C, ATA 

mwmmz, K-7^^wai«aiHii83ort©v-f^a 

n> Fa-73 3 i7 y-A^xT^- F-^'J 34i 10 
©fHCCEaStifc^^^^U^* (MUX) 3 6£{t* 

F«iaccfti*r, ^^f r ^*3 4£il^<D8M1^-- 
Kfflccv^i?nn> hD-73 3«cJ£*W"4a\ 
\%Vy-U*)3-T<b~7v?9\s- FJ&fFfc- FJBCC** 
F^n-feylftCflStt-r-SfcfeO I DE'<* 1 OCCSSttT 
hip*. -7)\s?*7l>W3 6CCiM!3-&4ft:»(D^ciy 
7^>^>FP-7 (PRG CNTL) 3 2JWS6JB 
$*l£„ C<DC4£St/&T£/c#CC. i83cc^3*i-ti> 
&vju*7u*tf-3 6H:* *<0#«B*aa5r*J:9«:. 20 

s^wcc 2 at i (D^ait^v 

[0 0 2 9 ] *rtl&. 7'a^7;>^>FD-732 

>FD-7 3 3{£«i&-<rS4, P!#BJHftI©*ttr*ff 
■J"** 9 !31cD[HlKiBg<Di»^<Dcfc^cc. v-f 

i?Da>Fu-733^ ; e»;3 4^677-A-)x7 

«, :/D^*>*:3>hn-532#^*y? s >*-fX 
£ F7-f^^oa>h 3 3 KlttttTSOr, 
v^^D^Vha-^SSB-ecDlltf^-F*^^ 1 ;^ 30 

/^^3 3*6att-r*iiUL»fflT^-fex*i«jr 

[0030]-^ 7*ay7^>^>FP-732^ 
-rf*yf s >W*3 4*#5** s * ^^F7-/^-7 KO 
I DE'** 1 0«Cffit*-r4 4. *X h rJ>f.*- 
AOD^ -fe 7 * y 7='* A X 3 4 ^<DT 2 -fe^ * 

Sttf-r*ci#fiPS3n*. y*yf ff ^-f^34«c»-r 

^ hOVr-A^xrrJ- VOTv'791'- FOfiil* 40 

&C*f"2~ I OS (Basic Input /0 utput Sy 
stem) 3-F**>#-F (on- board ) VTvV'9\s 

-F-rsc4ccaiHLfc»fTpr**. *>r-F©7y 

f^-^V^r-ACc^or. n— FT 7 7*yi/- KSftfP 50 
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[0 0 3 1 ] @4^#lf4. H4tt, 77-A^i7 
3- F©*>tM hOT-^yu- Fttf^*H?f*4"S/c 
A©#«?B<!!>HB*flyiI L ft: CD-ROM F^-f ^7^' 

^^«0$ii®ieis8<o— iBsw^-raaaar**. 04 

7*^u-F«^*fT5fctf>«:. -**yf s ^;*34 
^v^i7dr3>ha-^3 3 F^-f^cD I DE^ 

[0032] 3>FD-7?:M1*5Ci*^, [194 CC 
:fel>TH£n/t:7'ay^S>^3> hn-73 2co@5S 
7t-A2x7=i-F©T 7^1/- Ftfft^Sft 

^-fX3 4ri2*tt»Sflfa#CCKtftb. UftS 

y9 5>yn>Fo--5 3 2<DiaiB«*fc, iiS^F^ 

3 4 * 'J fVW * 3 4 4 S. 
[0 03 3] fg^4x-£<D:3- FTy^U- F*& 
JS-T&fc&CC, 184^8**13^^0^5 >^n>hn 
-532tt, I/07FU^f3-^(l/0 ADD 
RD EC) 32 14, 7*^yu-FS«Mt*--r*- 
^iHftffiHB ( I N I TKEY EN) 3 2 24, T F 
^^a^7A-f*-^7^ (APEN) 323 

4. ^-dr^ay^A-f*-:/^** (DPEN) 3 
244, OSP^D^A-f*-^?* (CPEN) 
3 2 54*«;t£ 0 

[0 03 4] KDry^^U-FftfW*«*S 
*i4 4. <J*X hi^f^AW: — 3^>Ptfo^*^fH^SC/7 r ' - 
I DE^'X 1 OfCfcBU 7'py7 hn- 
^32 1 0 Bffcfc&SfcfcLTftftr* 9 tcf 
cn^^Mf-^ti, FvA^tfi 
jW&CDttffc*- F«C**4#ttifcOT IDE^10± 

A F(D7^77U- F3WB*3*lfc4*«Wffl3RL'C, 
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1. Title of Invention 

METHOD AND APPARATUS FOR UPGRADING FIRMWARE CODE FOR 
OPTICAL DISK DRIVE VIA ATA/IDE INTERFACE 

2 .Claims 

L. An apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface, the optica] disk drive comprises a memory device 
for storing the firmware code, a microcontroller executing the firmware code for 
controlling the optical disk content access operation of the drive, and a drive 
decoder for decoding to connect the optical disk drive to a host computer system 
via the ATA/IDE interface, the apparatus comprising: 

a programming controller means, receiving signals from the ATA/IDE 
interface and performing input/output decode for generating a programming enable 
signal that determines whether the host computer system has requested for upgrade 
of the firmware or for maintaining the optical disk drive in norma] operation; and 

a multiplexer means, having a first and a second input, a multiplexed 
output and a multiplexing select input, the first input being connected to the 
programming controller means, the second input being connected to the 
microcontroller, and the multiplexing select input receiving the programming 
enable signal, the multiplexer means switching the first input to the memory device 
via the multiplexed output for performing a firmware upgrade operation when the 
host computer system requests for a firmware upgrade. 

2. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 1, wherein the programming controller 
means further comprising: 

an input/output decoder, receiving signals from the ATA/IDE interface 
and rjerforming the input/output decode for generating the programming enable 
signal and further generating a first, a second, a third and a fourth enable signal; 

an initialization^ey enable logic, receiving the first enable signal and 
the corresponding signals from the ATA/IDE interface for generating an upgrade 
initialization key signal when the host computer system requests for a firmware 
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upgrade; . 

an address program enable latch, receiving the upgrade initialization 
key signal, the second enable signal, and the corresponding signals from the 
ATA/IDE interface for latching the corresponding signals on the ATA/IDE 
interface to generate the written address signals for the memory device when the 
host computer system requests for a firmware upgrade; 

a data program enable latch, receiving the upgrade initialization key 
signal, the third enable signal, and the corresponding signals from the ATA/IDE 
interface for latching the corresponding signals on the ATA/IDE interface to 
generate the written data signals for the memory device when the host computer 
system requests for a firmware upgrade; and 

a control program enable latch, receiving the upgrade initialization key 
signal, the fourth enable signal, and the corresponding signals from the ATA/IDE 
interface for latching the corresponding signals on the ATA/IDE interface to 
generate the writing control signals for the memory device when the host computer 
system requests for a firmware upgrade. 

3. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 2, wherein the corresponding signals 
received by the address program enable latch from the ATA/IDE interface when 
the host computer system requests for a firmware upgrade comprises the total 1 6- 
bit address signals of the ATA/IDE interface. 

4. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 2, wherein the corresponding signals 
received by the data program enable latch from the ATA/IDE interface when the 
host computer system requests for a firmware upgrade comprises at least the least 
significant eight bits of the data signals of the ATA/IDE interface. 
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5. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 2, wherein the corresponding signals 
received by the control program enable latch from the ATA/IDE interface when the 
host computer system requests for a firmware upgrade comprises at least the least 
significant eight bits of the "data signals of the ATA/IDE interface. 

6. The apparatus for upgrading the firmware code of an optica] disk 
drive via the ATA/IDE interface of claim 2, wherein the optical disk drive is a 
CD-ROM drive. 

7. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 2, wherein the optical disk drive is a 
DVD drive. 

8. An apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface, the optical disk drive comprises a memory device 
for storing the firmware code, a microcontroller executing the firmware code for 
controlling the optical disk content access operation of the drive, and a drive 
decoder for decoding to connect the optical disk drive to a host computer system 
via the ATA/IDE interface, the apparatus comprising: 

a programming controller means, receiving signals from the ATA/IDE 
interface and performing input/output decode for generating a programming enable 
signal that determines whether the host'eomputer system has requested for upgrade 
of the firmware or for maintaining the optical disk drive in normal operation, the 
programming controller means comprises: 

an input/output decoder, receiving signals from the 
ATA/IDE interface and performing the input/output decode for 
generating the programming enable signal and further generating a 
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first, a second, a third and a fourth enable signal; 

an initialization key enable logic, receiving the first enable 
signal and the corresponding signals from the ATA/IDE interface for 
generating an upgrade initialization key signal when the host computer 
system requests"fM' a firmware upgrade; 

an address program enable latch, receiving the upgrade 
initialization key signal, the second enable signal, and the 
corresponding signals from the ATA/IDE interface for latching the 
corresponding signals on the ATA/IDE interface to generate the written 
address signals for the memory device when the host computer system 
requests for a firmware upgrade; 

a data program enable latch, receiving the upgrade 
initialization key signal, the third enable signal, and the corresponding 
signals from the ATA/IDE interface for latching the corresponding 
signals on the ATA/IDE interface to generate the written data signals 
for the memory device when the host computer system requests for a 
firmware upgrade; and 

a control program enable latch, receiving the upgrade 
initialization key signal, the fourth enable signal, and the corresponding 
signals from the ATA/IDE interfece for latching the corresponding 
signals on the ATA/EDE interface to generate the writing control 
signals for the memory device when the host computer system requests 
for a firmware upgrade; and 

a multiplexer means, having a first and a second input, a multiplexed 
output and a multiplexing select input, the first input being connected to the 
programming controller means, the second input being connected to the 
microcontroller, and the multiplexing select input receiving the programming 
enable signal, the multiplexer means switching the first input to the memory device 
via the multiplexed output for performing a firmware upgrade operation when the 
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host computer system requests for a firmware upgrade. 

9. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 8, wherein the corresponding signals 
received by the address program enable latch from the ATA/IDE interface when 
the host computer system requests for a firm ware upgrade comprises the total 16- 
bit address signals of the ATA/IDE interface. 

10. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 8, wherein the corresponding signals 
received by the data program enable latch from the ATA/IDE interface when the 
host computer system requests for a firmware upgrade comprises at least the least 
significant eight bits of the data signals of the ATA/IDE interface. 

1 1. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 8, wherein the corresponding signals 
received by the control program enable latch from the ATA/IDE interface when the 
host computer system requests for a firmware upgrade comprises at least the least 
significant eight bits of the data signals of the ATA/IDE interface, 

12. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 8 Y wherein the optical disk drive is a 
CD-ROM drive. 

13* The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 8, wherein the optical disk drive is a 
DVD drive. 
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14. A method for upgrading the firmware code of an optical disk drive 
via the ATA/IDE interface, the optical disk drive comprises a memory device for 
storing the firmware code and a microcontroller executing the firmware code for 
controlling the optical disk content access operation of the drive; the method 
comprising the steps of: 

the optical disk drive receiving signals from the ATA/IDE interface 
and performing input/output decode determines whether the host computer system 
has requested for upgrade of the firmware or for maintaining the optica] disk drive 
in normal operation; and 

the optical disk drive connecting the ATA/IDE interface to the memory 
device, allowing for a host computer to perform a firmware upgrade operation by 
directly writing into the memory device when the host computer system requests 
for a firmware upgrade, and connecting the microcontroller to the memory device 
when the host computer system requests for the normal operation of the optical 
disk drive. 

15. The method for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 14, wherein the optical disk drive is a 
CD-ROM drive. 

16. The method for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 14, wherein the optical disk drive is a 
DVD drive. 

17. A method for upgrading the firmware code of an optical disk drive 
via the ATA/IDE interface, the optical disk drive comprises a memory device for 
storing the firmware code, a microcontroller executing the firmware code for 
controlling the optical disk content access operation of the drive, a drive decoder 
for decoding to connect the optical disk drive to a host computer system via the 
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ATA/IDE interface, a multiplexer means and a programming controller means, the 
multiplexer means having a first and a second input, a multiplexed output and a 
multiplexing select input, the first input being connected to the programming 
controller means and the second input being connected to the microcontroller, and 
the programming controller-means selectively switching the multiplexing of the 
multiplexer means; the method comprising the steps of: 

the programming controller means receiving signals from the 
ATA/IDE interface and performing input/output decode for generating a 
programming enable signal that determines whether the host computer system has 
requested for upgrade of the firmware or for maintaining the optical disk drive in 
normal operation; and 

the multiplexer means having the multiplexing select input receiving 
the programming enable signal for switching the first input to the memory device 
via the multiplexed output for performing a firmware upgrade operation when the 
host computer system requests for a firmware upgrade. 

18. The method for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 17, wherein the step of the programming 
controller means generating the programming enable signal further comprising the 
steps of: 

an input/output decoder of the programming controller means 
receiving signals from the ATA/IDE interface and performing the input/output 
decode for generating the programming enable signal and further generating a first, 
a second, a third and a fourth enable signal; 

an initialization key enable logic of the programming controller means 
receiving the first enable signal and the corresponding signals from the ATA/IDE 
interface for generating an upgrade initialization key signal when the host 
computer system requests for a firmware upgrade; 
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an address program enable latch of the programming controller means 
receiving the upgrade initialization key signal, the second enable signal, and the 
corresponding signals from the ATA/IDE interface for latching the corresponding 
signals on the ATA/IDE interface to generate the written address signals for the 
memory device when the hTVsl computer system requests for a firmware upgrade; 

a data program enable latch of the programming controller means 
receiving the upgrade initialization key signal, the third enable signal, and the 
corresponding signals from the ATA/IDE interface for latching the corresponding 
signals on the ATA/IDE interface to generate the written data signals for the 
memory device when the host computer system requests for a firmware upgrade; 
and 

a control program enable latch of the programming controller means 
receiving the upgrade initialization key signal, the fourth enable signal, and the 
corresponding signals from the ATA/IDE interface for latching the corresponding 
signals on the ATA/IDE interface to generate the writing control signals for the 
memory device when the host computer system requests for a firmware upgrade. 

19. The method for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 18, wherein the corresponding signals 
received by the address program enable latch from the ATA/IDE interface when 
the host computer system requests for a firmware upgrade comprises the total 1 6- 
bit address signals of the ATA/IDE interface. 

20. The apparatus for upgrading Che firmware code of an optical disk 
drive via the ATA/IDE interface of claim 18, wherein the corresponding signals 
received by the data program enable latch from the ATA/IDE interface when the 
host computer system requests for a firmware upgrade comprises at least the least 
significant eight bits of the data signals of the ATAADE interface. 
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21. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 1 8, wherein the corresponding signals 
received by the control program enable latch from the ATA/IDE interface when the 
host computer system requests for a firmware upgrade comprises at least the least 
significant eight bits of the-da"ta signals of the ATA/IDE interface. 

22. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim IS, wherein the optical disk drive is a 
CD-ROM drive. 

23. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 18, wherein the optical disk drive is a 
DVD drive, 

24. A method for upgrading the firmware code of an optical disk drive 
via the ATA/IDE interface, the optical disk drive comprises a memory device for 
storing the firmware code, a microcontroller executing the firmware code for 
controlling the optical disk content access operation of the drive, a drive decoder 
for decoding to connect the optical disk drive to a host computer system via the 
ATA/IDE interface, a multiplexer means and a programming controller means, the 
multiplexer means having a first and a second input, a multiplexed output and a 
multiplexing select input, the first input being connected to the programming 
controller means and the second input being connected to the microcontroller, and 
the programming controller means selectively switching the multiplexing of the 
multiplexer means; the method comprising the steps o£ 

the programming controller means receiving signals from the 
ATA/IDE interface and performing input/output decode for generating a 
programming enable signal that determines whether the host computer system has 
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requested for upgrade of the firmware or for maintaining the optical disk drive in 
normal operation, the generation of the programming enable signal further 
comprising the steps of: 

an input/output decoder of the programming controller 
means receiving"signals from the ATA/IDE interface and performing 
the input/output decode for generating the programming enable signal 
and further generating a first, a second, a third and a fourth enable 
signal; 

an initialization key enable logic of the programming 
controller means receiving the first enable signal and the corresponding 
signals from the ATA/IDE interface for generating an upgrade 
initialization key signal when the host computer system requests for a 
firmware upgrade; 

an address program enable latch of the programming 
controller means receiving the upgrade initialization key signal, the 
second enable signal, and the corresponding signals from the ATA/IDE 
interface for latching the corresponding signals on the ATA/IDE 
interface to generate the written address signals for the memory device 
when the host computer system requests for a firmware upgrade; 

a data program enable latch of the programming controller 
means receiving the upgrade miualization key signal, the third enable 
signal, and the corresponding signals from ihe ATA/IDE interface for 
latching the corresponding signals on the ATA/IDE interface to 
generate (he written data signals for the memory device when the host 
computer system requests for a firmware upgrade; and 

a control program enable latch of the programming 
controller means receiving the upgrade initialization key signal, the 
fourth enable signal, and the corresponding signals from the ATA/IDE 
interface for latching the corresponding signals on the ATA/IDE 
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interface to generate the writing control signals for the memory device 
when the host computer system requests for a firmware upgrade; and 
the multiplexer means having the multiplexing select input receiving 
the programming enable signal for switching the first input to the memory device 
via the multiplexed output "for performing a firmware upgrade operation when the 
host computer system requests for a firmware upgrade. 

25. The method for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 24, wherein the corresponding signals 
received by the address program enable latch from the ATA/IDE interface when 
the host computer system requests for a firmware upgrade comprises the total 1 6- 
bit address signals of the ATA/IDE interface. 

26. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 24, wherein the corresponding signals 
received by the data program enable latch from the ATA/IDE interface when the 
host computer system requests for a firmware upgrade comprises at least the least 
significant eight bits of the data signals of the ATA/IDE interface. 

27. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 24, wherein the corresponding signals 
received by the control program enable latch from the ATA/IDE interface when The 
host computer system requests for a firmware upgrade comprises at least the least 
significant eight bits of the data signals of the ATA/IDE interface, 

28. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 24, wherein the optical disk drive is a 
CD-ROM drive. 

29. The apparatus for upgrading the firmware code of an optical disk 
drive via the ATA/IDE interface of claim 24, wherein the optical disk drive is a 
DVD drive. 

3. Detailed Explanation of the Invent 
i o n 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The invention relates in general to on-site upgrading of firmware code 
in optical disk drives. In particular, the invention relates to an apparatus for optical 
disk drives and its corresponding method capable of implementing firmware code 
upgrade via the ATA/IDE interface of the host computer system. 
Technical Background 

Optical disk drives, in particular the category of CD-ROM drives, have 
become the digital optoelectronic memory storage equipment so popular that 
almost every personal computer system has at least one installed, in the world of 
personal computers, the design of CD-ROM drives was intended originally for the 
storage of mass information on the CD-ROM discs. The concept, in a sense, is 
basically the same as the magnetic disk drives, which store information on the 
surface of the storage media. No writing capability is available to the user for this 
member of the CD family, and thus the name "CD-ROM." Large data is, however, 
accessible from CD-ROM discs that are mass produced in low cost. 

Although CD-ROM has been adopted by the ISO as a standard for 
digital data storage, there are also other applications beyond the simple storage of 
large amount of data. Under proper software control, a CD-ROM drive may also 
be used to access several other types of discs in the CD family. 

For example, in personal computer systems, CD-ROM drives are 
frcquendy used as the traditional CD player for playing back music pieces stored 
on the very first generation of CD, namely, the music CD. After the introduction of 
the original music CD, there had emerged in the family such formats as the Video 
CD (VCD). Conventional CD-ROM drives for personal computer systems arc 
designed to be able to play back VCD video programs on the computer display 
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screen. Due to the inherent limitation of the MPEG-1 adopted, the VCD standard 
is not for serious applications, and a couple of groups of electronic appliance 
conglomerates had recently achieved on a new standard known as the Digital 
Video Disc (or Digital Versatile Disc). 

This is a new "video data storage format, a new member of the CD 
family based on the MPEG-2 standard that provides substantially better video 
effects via the use of higher resolution. As the DVD standard had proposed, 
backward compatibility for the new generation of DVD drives to the CD-ROM 
format has been designed into the new system. In other words, the up-coming 
DVD drives will be able to read CD-ROM in addition to its default DVD. 

Thus, as an optical Compact Disc subsystem for a computer system, 
the CD-ROM drive can be programmed to access different formats of the CD 
family of media. In the popular x86-based IBM-compatible machines, this is 
implemented in a manner known as software driver installation. With the 
installation of the proper software drivers, the computer system, governed by the 
operating system, can be used to read data files stored on the CD-ROM, playback 
music CD, or video VCD. These software drivers are essentially established on top 
of the hardware-level control program resident in the control system of a CD-ROM 
drive. This firmware program is usually stored in non-volatile semiconductor 
memory devices, such as the erasable-programmable read-only memory (EPROM) 
or electrically erasable-programmable read-only memory (EEPROM). 

Based on this firmware, CD-ROM drives can be controlled by the host 
computer system to suitably implement the functionality of music CD player, VCD 
player, and/or CD-ROM data drive. However, under certain circumstances, in 
particular when new models of CD-ROM drives are released to market for sale, 
software programs, either the firmware in the control electronics of the drive itself 
or the operating system/application- level driver, may have program problems 
(program bugs) that might cause the drive to malfunction. If the problem was with 
the operating system/application- level driver, it's fix may not involve the CD- 
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ROM drive at all. if, however, the problem was unfortunately with the firmware of 
the CD-ROM drive, the software fix will inevitably cause many trouble. 

Basically, if the drive firmware has any program problem, the firmware 
stored in the semiconductor memory device must be upgraded, namely, replaced 
by another copy without prOtJfem. If the semiconductor memory used for holding 
the firmware program was device like EPROM, it must be removed from its 
inserted socket or de-soldered from the printed circuit board so as to implement 
reprogramming of its memory content. Normally, this involves ultraviolet 
irradiation on the EPROM device for its memory content erasure. If the erased 
memory device was to be reused again, as is usually the case, it then has to be 
reprogrammed to hold the new problem-free firmware program. Even if an 
EEPROM device was used to store the drive firmware, it must be handled in the 
manner as in the case of EPROM. This is because the conventional CD-ROM 
drive control logic lacks the design for on-site reprogramming. 

The above-described procedure of firmware upgrade/fix for the 
conventional CD-ROM drives requires that the casing of the drive be opened in 
order to be able to have access to the firmware memory device. Before the memory 
device can even be accessed, the CD-ROM drive itself must be removed from the 
drive bay of the computer system unit, if it has already been installed Further, 
erasure and programming of EPROM and/or EEPROM devices normally require 
the use of dedicated equipment such as ultraviolet eraser and programmer. 
Therefore, typical firmware upgrade operation for a CD-ROM drive .is not 
normally handled by the end user of the computer system. A more likely scenario 
would be to have service personnel remove the CD-ROM drive from the system, 
and have the drive sent back to the manufacturer's site where the firmware gets 
upgraded 

When the CD-ROM drive whose firmware is to be upgraded is 
returned to the manufacturer's facility, the casing is opened, and the memory 
device is removed from the drive electronics utilizing proper tools and/or 
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equipment. After reprogrammtng, the memory dcvicc > or a substitute thereof 
containing the correct firmware program code, may then be replaced back into the 
drive electronics. After adequate testing procedures, the upgraded CD-ROM drive 
is ready to be returned to the owner. Again, qualified personnel must replace the 
drive back into the comparer system. As is obvious, relatively complicated 
professional knowledge is required to perform all the tasks involved in the upgrade 
of a CD-ROM drive. In a time when severe competition has driven the prices of 
CD-ROM drives down to the level where it is difficult for manufacturers to 
maintain a descent profit margin, such upgrading operation is stricdy disastrous. 

This is because the necessity to perform firmware upgrade for a CD- 
ROM drive often arises within the warrantee period of the product As such, it is 
convention that the manufacturer will have to be responsible for the expenditures 
of drive removal from the host computer system as well as shipment, not to 
mention all the additional man power required to perform the upgrade. On the 
other hand, in the process of upgrade, the drive and its components may easily be 
subject to damages to cause additional loss. For the drive owner, the cost to find 
some technician to remove the drive from the computer system (if the 
manufacturer was not going to be responsible) may frequently amount to the level 
of the cost of some low-end CD-ROM drives. 

SUMMARY OF THE INVENTION 

It is therefore and object of the invention to provide an apparatus and 
its corresponding method for upgrading firmware code on-site for optical disk 
drives via the ATA/IDE interface of the host computer system without having to 
remove the drive unit from the computer and opening up the cabinet 

It is another object of the invention to provide an apparatus and its 
corresponding method for upgrading firmware code on-site for optical disk drives 
via the ATA/IDE interface of the host computer system by the host processor 
directly writing into the memory device holding the firmware code. 
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In order to achieve the above objects, the invention provides an 
apparatus for upgrading the firmware code of an optical disk drive via the 
ATA/IDE interface, the optical disk drive has a memory device for storing the 
firmware code, a microcontroller executing the firmware code for controlling the 
optical disk content access -operation of the drive, and a drive decoder for decoding 
to connect the optical disk drive to a host computer system via the ATA/IDE 
interface. The apparatus includes a prograrnming controller that receives signals 
from the ATA/IDE interface and performs input/output decode for generating a 
programming enable signal that determines whether the host computer system has 
requested for upgrade of the firmware or for maintaining the optical disk drive in 
normal operation. A multiplexer has a first and a second input, a multiplexed 
output and a . multiplexing select input, the first input is connected to the 
programming controller, the second input connected to the microcontroller, and the 
multiplexing select input receives the programming enable signal. The multiplexer 
switches the first input to the memory device via the multiplexed output for 
performing a firmware upgrade operation when the host computer system requests 
for a firmware upgrade. 

To achieve the above objects, the invention further provides a method 
for upgrading the firmware code of an optical disk drive via the ATA/IDE 
interface, the optical disk drive has a memory device for storing the firmware code 
and a microcontroller executing the firmware code for controlling the optical disk 
content access operation of the drive. The method includes the steps of first having 
the optical disk drive receive signals from the ATA/IDE interface and perform 
input/output decode to determine whether the host computer system has requested 
for upgrade of the firmware or for maintaining the optical disk drive in normal 
operation. Then the optical disk drive connects the ATA/IDE interface to the 
memory device, allowing for a host computer to perform a firmware upgrade 
operation by directly writing into the memory device when the host computer 
system requests for a firmware upgrade, and connects the microcontroller to the 
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memory, device when the host computer system requests for the normal operation 
of the optical disk drive. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Note that although for present-day personal computers, CD-ROM 
drives constitute the majority of optical disk drives currently in service; however, 
the term "optical disk drive" referred to in this specification should include other 
types of optical disk drives such as the emerging DVD drive which also originates 
from the same CD family. 

On the other hand, although there are several interface standards 
currently adopted by conventional CD-ROM drives for communicating with their 
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host personal computer systems, however, the majority being the ATA/IDE 
(Intelligent Disk Electronics or Industrial Disk Electronics) standard, or its 
enhanced version EIDE. Other standards include the SCSI (Small Computer 
System Interface) and even the parallel port interface. The apparatus for upgrading 
firmware code for optical dfefe drive of the invention, however, concentrates on the 
application to those drives with the ATA/IDE interface. 

For the purpose of describing the invention, the general control 
circuitry configuration for a conventional IDE CD-ROM drive is examined below. 
As is illustrated in FIG. 1, the conventional CD-ROM drive with ATA/IDE 
interface has the built-in control electronics generally identified by the reference 
numeral 20 communicating with the host computer system via the IDE bus 10. 

Control circuitry 20 for the typical CD-ROM drives includes a 
microcontroller (^C) 23, which is responsible for coordinating the internal 
operation of the drive. The circuitry 20 further includes a non-volatile memory 
device (NVM) 24 for the storage of the instruction code and data of the drive 
firmware program. As is seen in the drawing, the typical CD-ROM drive provides 
the firmware code to the microcontroller 23 only via read access, as is signified by 
the smgle-directional arrow in the drawing. The circuitry 20 has a CD-ROM 
decoder (CD-ROM DEC) 2i, which allows for the interacting operation between 
the microcontroller 23 and the host computer system via the interface IDE bus 10. 
A typical circuitry 20 further has a working memory space, which can be provided 
by, for example, a dynamic random-access memory (DRAM) 25 that serves one 
important function of read caching as the CD-ROM drive operates. 

As persons skilled in the art are well familiar, the control circuitry 20 is 
further complete with the mechanism servo control (MECH SERVO) for the laser 
pick-up head, the digital signal processor (DSP) for the accessed CD data, as well 
as the digital-to-analog converter (DAC) for converting the digital music data into 
analog signal and the preamplifier (PREAMP) for the amplification of this analog 
music signal when the CD-ROM is operated as a music CD player. Circuitry of 
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these functional blocks are simply represented by a box 29 in the circuitry 20 as 
they are not the subject matter of the invention and will not be elaborated here. 

FIG. 2 shows the details of the inter-connection circuitry between the 
microcontroller 23 and the CD-ROM decoder 21, as well as the non-volatile 
memory 24 of an example-^*" a typical IDE CD-ROM drive. As is familiar to 
persons skilled in the art, the microcontroller 23 of the CD-ROM drive may 
proceed with its normal data access operation in the drive unit under control of the 
host computer system. This is done by the host processor executing the CD-ROM 
driver software and communicating with the drive microcontroller 23 via the set of 
standard IDE signals in the IDE interface bus 10. This set of bus interface signals 
include the device addressing signals HA0-2, the input/output port selecting 
signals HCSO-U the 16-bit data path HD0-15, as well as other controlling signals 
including the read/write strobe signal HRD/HWR, the interrupt 
request/acknowledge signal HIRQ/HDRAQ/HDACK, the reset signal RESET, and 
the 16-bit I/O transfer status indication signal IOCS16. 

The apparatus for upgrading firmware code of optical disk drive via the 
ATA/IDE interface of the present invention, in one preferred embodiment 
applicable to a CD-ROM drive, allows for constructing a control circuitry such as 
the one illustrated in FIG* 3. This is a control circuitry based on the conventional 
one such as that of FIG. 1 . 

The basic concept of the inventive apparatus for upgrading firmware 
code of optical disk drives via the ATA/IDE interface is to decode the instruction 
issued by the host computer via the ATA/IDE interface. The decoded result 
determines that either the host computer system desires to maintain the normal 
CD-ROM drive data access operation, or it demands for an on-site upgrade of the 
drive firmware code via writing into the code-storage memory. When the host 
computer system demands an on-site firmware upgrade, the ATA/IDE interface of 
the CD-ROM drive is then connected to the memory device, so that the host 
computer may implement the writing of the new code to the memory device. 



os) nmw- 11-120113 

When, on- the other hand, the host system requires that the CD-ROM drive unit 
returns back to normal operating mode, the microcontroller of the drive unit is then 
re- connected to the memory device, restoring its normal access of program codes 
in the memory. 

In a preferred embodiment, upgrade of the firmware for a CD-ROM 
drive via the ATA/IDE interface employs to insert a controlled signal multiplexer 
and its related control logic between the microcontroller and its firmware storage 
memory device. This multiplexer is used to provide one of two possible data 
access routes toward the firmware memory device of the drive. One of the routes is 
established under normal operating condition of the optical disk drive, in which the 
multiplexer connects the memory device to the microcontroller so that the 
microcontroller can read firmware program code and data from the memory for 
execution. Obviously, this mode of memory access operation performed by the 
microcontroller on the memory device is one-directional, namely, the 
microcontroller performs read accesses in the memory device only. 

The other route that can be established to the firmware code storage 
memory device is for the memory device itself to be directly accessible by the host 
computer system when a code upgrade is ordered In this mode of operation, the 
multiplexer connects the memory device to the IDE interface of the optical disk 
drive unit, so that die processor of the host system can directly access the memory 
space of the firmware memory. This direct access includes both writing into and 
reading from the memory device. The ability to read from the memory device is 
necessary as it is a means to verify whether or not the correct content of 
prograrriming has been achieved 

The on-site upgrading operation referred to herein is defined as the 
upgrading operation performed in the firmware code storage device of the optical 
disk drive without having to remove the memory device itself from inside the 
drive. No dedicated progr am ming tool is needed for the upgrade operation. 
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Thus, as is illustrated in FIG. 3, the apparatus of the invention for 
upgrading the firmware code of optical disk drive via the ATA/IDE interface has a 
multiplexer (MUX) 36 arranged between the microcontroller 33 and the firmware 
code memory 34 of the drive control electronic circuitry 30. In addition to the 
decode processing perfomed by the CD-ROM decoder 31, a programming 
controller (PRG CNTL) 32 is used to steer the multiplexer 36 for selectively 
connecting the memory device 34 either to the microcontroller 33 for normal mode 
of operation or to the IDE bus 10 for connection with the host processor in the 
firmware upgrade mode of operation. In order to achieve this, as is shown in FIG. 
3, the multiplexer 36 is basically a two-to-one multiplexing device, whose details 
will be covered below. 

Therefore, when the programming controller 32 connects the firmware 
memory device 34 and the microcontroller 33 of the drive, both will be operating in 
the manner known in the art, with the microcontroller 33 performing a normal 
operation of accessing firmware program codes from the memory 34, as is in the 
case of the circuitry configuration of FIG. I. In other words, as the programming 
controller 32 connects the memory device 34 to the drive microcontroller 33, the 
microcontroller 33 may perform its read-only access for the retrieval of its 
execution code from the memory device 34. 

On the other hand, when the programming controller 32 connects the 
memory device 34 to the IDE bus 10 of the optical disk drive unit, the processor in 
the host computer system is then allowed to implement its access to the memory 
device 34. Both write and read accesses to the memory device 34 are allowed for 
facilitating the on-site firmware code upgrade in a series of read/write operations in 
the memory device. This is an operation similar to the on-board upgrading of the 
system BIOS (Basic Input/Output System) code for the IBM-compatible computer 
systems. In such on-board upgrading operations, the memory device where the 
BIOS code resides needs not be removed from the motherboard of the computer 
system, and no dedicated semiconductor memory programmer equipment is 
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required.. With the proper setting of a few switches, the code upgrade operation can 
be completed by the computer system executing a software program. 

Refer to FIG. 4. FIG. 4 is a schematic diagram that shows an 
embodiment of the controller circuitry for the CD-ROM drive device employing 
the apparatus of the invention for implementing on-site upgrade operation of the 
firmware code. In the circuitry of FIG. 4, control can be performed to selectively 
connect the memory device 34 either to the microcontroller 33 or to the IDE bus of 
the drive, in order to perform normal operation or upgrade operation respectively. 

From the perspective of the controller, the circuitry of the 
programming controller 32 as outlined in FIG. 4 allows to convert the instruction 
and data issued by the host computer system via the IDE interface 10 into the 
electrical signals required by the memory device 34 to implement its memory 
content programming, as the upgrade of firmware code is ordered. Meanwhile, this 
circuitry of the programming controller 32 also allows for the normal connection of 
the microcontroller 33 and the memory device 34 as the drive normal operation is 
required. 

In order to accomplish the conversion of the code-upgrading 
instructions and data, the prograrnming controller 32 as outlined in the circuitry of 
FIG. 4 includes an I/O address decoder (I/O ADDR DEC) 321, an upgrade 
initialization key enable logic (INTT KEY EN) 322, an address program enable 
latch (APEN) 323, a data program enable latch (DPEN) 324, and a control program 
enable latch (CPEN) 325. 

When an on-site upgrade operation is requested, the host computer 
system must issue a series of corresponding instructions and data into the IDE bus 
1 0 in order for the programming controller 32 to be operating independently from 
the bus 10 itsel f. These instructions and data are never present over the IDE bus 1 0 
when the drive is in the normal mode of operation. Instead, they only appear as an 
on-site upgrading is ordered, and these instructions and data are used to initiate the 
programming controller 32. 
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For instance, in a preferred embodiment employed in the case of an 
IBM-compatible system, the processor of the host system may write a series of 32 
consecutive and pre-defined bytes of information at the I/O address I F5. As is seen 
in FIG. 4, these data bytes are received over the bus I OA via the 1/0 address 1 P5 as 
decoded by the I/O address-decoder 321. The data received over I/O address 1 F5 
are then sent to the upgrade initialization key enable logic 322. Note that bus 10 A 
is an extension of the IDE bus 10 that is internal to the controller circuitry 30. 

The upgrade initialization key enable logic 322 is triggered by the 
logically positive signal at the I/O address 1F5 to receive the 32 consecutive 
information bytes. If these information bytes were compared and found to be 
compatible with a predetermined set of data, then the upgrade initialization key 
enable logic 322 generates an upgrade initialization key signal 1KEYOK. This 
signal 1KEYOK is then relayed to the address program enable latch 323, the data 
program enable latch 324, and the control program enable latch 325 respectively. 
These three latches arc then enabled simultaneously inside the controller circuitry 
30. 

On the other hand, the address program enable latch 323 latches the 
16-bit IDE data signals HD0-15 over the bus 10A onto the bus 3236. The 
counterpart 16-bit data signals on bus 3236 are designated as signals IA0-15. 
Meanwhile, the data program enable latch 324 also latches the least significant byte 
(eight bits) of the same 16-bit IDE data, signals HDO-15 over the bus 10A onto the 
bus 3236 as the eight-bit data signals IHDO-7. In a similar manner, the control 
program enable latch 325 latches the eight least significant bits of the double-byte 
IDE data signals HD0-15 over the bus 10A onto the bus 3236. Selected ones of the 
latched bits are used as the write enable signal IWE, the chip enable signal ICE, and 
the output enable signal IOE, as well as the IDE programming enable signal 
IDEPEN that are required to strobe the memory device 34 for the implementation 
of the programming operation. 
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For example, as the IDE programming enable signal IDEPEN obtains a 
logically positive status, the processor of the host computer system may then issue 
the instruction code and data necessary to program the memory device 34. These 
instructions and data are written into the memory device 34 over the IDE bus 1 0 at 
the designated I/O addresses. For example, in the embodiment of FIG. 4, the 
address of read/write access to the memory device 34 may be issued at the I/O 
address 1 FO over the IDE interface in data signals HD0- 15. On the other hand, I/O 
address 1F3 and data bits HDO-7 may be used to relay the program code that is to 
be written into the memory device 34 at the designated address space. Further, I/O 
address 1 F4 and data bits HDO-7 can be used to relay the necessary device strobe 
signals OE, CE and WE that are required by the memory device 34 when 
programmed. The programming enable signal IDEPEN, which is used to indicate 
the status of the entire CD-ROM drive concerning either the drive is in a mode of 
normal operation or of upgrade programming operation, can itself be relayed also 
via the I/O address IF4 as a designated bit in the data by HDO-7. 

As persons skilled in the art should be well aware, 16-bit address is 
sufficient for addressing the firmware memory device normally found in CD-ROM 
drives. For example, in the case of an eight-bit memory device, 16-bit address 
relayed via the IA0* 1 5 signal lines are capable of addressing a memory space of 64 
K bytes. For the consideration of cost reduction, eight-bit memory devices are 
normally used as the firmware storage device. This is suitable since optical disk 
drives such as CD-ROM drives are relatively slow peripheral devices when 
compared to the host processor of modern high-performance personal computer 
systems. The use of eight-bit data path as relayed via the IHDO-7 signal lines 
connected to the microcontroller 33 (FIG. 3) is generally adequate design 
arrangement for the normal CD-ROM drives. Further, all three memory device 
controlling enable signals IOE, IWE and ICE as well as the programming enable 
signal IDEPEN may all be obtained via the HDO-7 data bits relayed over the IDE 
interface bus. 
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Then, with reference to FIG. 3 again, it can be seen that the circuitry of 
the programming controller 32 may transfer the 16 address signals I AO- 1 5, the 
eight data signals IHDO-7, and the four control signals ICE, IOE» 1WE and 
IDEPEN onto bus 3236 at its output end. As these signals arc transfcTred onto bus 
3236, they are effectively input to the multiplexer 36, which, depending on the 
status of the logically positive programming enable signal IDEPEN, may then 
facilitate the multiplexing operation, in order to selectively connect a set of access 
signals onto the memory device 34. Under proper timing control, this set of 
relayed signals may either be used by the rnicroconbroller 33 of the CD-ROM drive 
itself to operate the drive normally in the CD-ROM data reading sessions, or be 
used by the processor of the host computer system in the firmware upgrade session. 
Naturally, the semiconductor memory device 34 used in this case as the firmware 
storage in the CD-ROM drive must be one that is electrically reprogrammable. It 
can, for example, be an EEPROM. 

The above descriptive paragraphs have concentrated on the operation 
of the electronics of a CD-ROM drive constructed in accordance with the teachings 
of the invention as it undergoes a firmware code upgrade operation in the memory 
device. On the other hand, it should be noted that, under normal situations, 
firmware code upgrade is a rare operation that can be expected less than several 
times in the lifetime of a CD-ROM drive. For most of the times, the CD-ROM 
drive will be reading the memory contents of the CD-ROMs inserted into the drive. 
In this case, the prograniining enable signal IDEPEN in the programming 
controller 32 of FIG. 4 maintains the connection of the memory device 34 
substantially direct to the microcontroller 33, so that the microcontroller 33 may 
execute the code in the memory device 34 to implement the CD-ROM drive 
functionality. In this sense, a CD-ROM drive employing the apparatus of the 
invention is substantially the same as the conventional drives. 

Thus, as is illustrated in the block diagram of FIG. 3, the host computer 
system can implement its firmware-upgrade code-writing operation against the 
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memory device directly via the standard IDE bus 10. The programming operation 
is executed by the host computer issuing instruction and related data via the bus 
I OA, and then via bus 3236 under control of the programming controller 32. The 
updated code is then sent over the memory device 34 via the bus 3436 as switched 
by the multiplexer 36. FIG. 5 details the circuitry configuration and the operation 
of a preferred embodiment of the multiplexer 36. 

As is illustrated in FIG. 5, the multiplexer 36 that is employed in the 
block diagram of FIG. 3 has a group of five two-to-one multiplexer units 36 1, 362, 
363, 364 and 365. AH five multiplexer units can be switched by the same control 
signal. In the case of the embodiment outlined in FIGS. 3 and 4, the programming 
enable signal IDEPEN is used as the control signal. All the five multiplexer units 
has their respective first set of input tied to bus 3336 and then to the microcontroller 
33 of the CD-ROM drive. The second set of input of the five multiplexer units are 
tied to bus 3236 and then to the IDE bus 10 via connection through the 
programming controller 32. The multiplexed output of the five multiplexer units 
are tied to bus 3436 and thus to the memory device 34. As is clearly outlined in the 
block diagram of FIG. 3, this bus connection arrangement allows the programming 
enable signal IDEPEN to facilitate the control of the memory device 34, which is to 
be selectively connected either to the rnicrocontroller 33 for normal operation and 
to the drive IDE bus 10 for firmware upgrade operation. 

Note mat the multiplexer unit 361 has a switched signal path width of 
16 bits to accommodate the need to relay the 16-bit [AO- 15 signals that provide the 
' address bits during the programming operation of the memory device 34. When 
the CD-ROM drive is operated normally, this 16-bit signal path width allows the 
connection of the 16-bit microcontroller address bits uCAO- 1 5 to be relayed to the 
16 address bits FA0-15 of the memory device 34. In a similar manner, the 
multiplexer unit 362 has an eight-bit width of switched signal path so as to 
accommodate the need to relay the two sets of data lines IHDO-7 and nCDO-7 onto 
the corresponding eight-bit data bus FD0-7 of the memory device 34. By contrast, 
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the multiplexer units 363, 364 and 365 are single-line multiplexing circuits that can 
be used to relay the WE, CE and OE control signals of the memory device 34. 

Thus, with the ATA/IDE interface, a CD-ROM drive employing the 
apparatus for on-side firmware code upgrade may be operated in one of two 
operation modes as the need arises. In the normal mode of operation, the firmware 
code memory device and the microcontroller of the CD-ROM drive can be 
connected together in order that the code in the memory can be accessed by the 
microcontroller to conduct normal CD-ROM operation. On the other hand, when 
the CD-ROM drive is put in the firmware upgrade mode, the memory device can be 
tied to the IDE interface of the drive, allowing the processor of the host computer to 
write directly into the addressed memory space of the memory device via the 
computer system bus that is tied to the IDE bus. The programming instruction code 
and the new code contents can be relayed to the memory device via the IDE 
interface equipped in the CD-ROM drive device. 

With this direct on-side programming capability, the CD-ROM drive 
employing the circuitry apparatus of the invention may enjoy the great 
convenience'of firmware code on-site upgrade operation. The drive itself need not 
be removed from inside the computer system cabinet The entire code-upgrading 
operation can be conducted fully via software control. With proper information 
provided, even the general end user may be able to conduct the upgrade operation 
by following detailed instructions shown, for example, on the display screen of the 
computer system. For the CD-ROM drive nianufacturers, since both the upgrade 
software as well as the new version of the firmware program code may be made 
available to any requesting user via regular or electronic mail services, or via file 
transfer services in the public networks such as the Internet Effective conservation 
of costs in both resource and time for both the manufacturer and the end user can be 
expected. 

Further, since the apparatus for implementing on-site firmware code 
upgrade via the ATA/IDE interface for CD-ROM drives are relatively simple in the 
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nature of the digital electronic circuitry employed, they can thus be integrated 
easily in the ASIC chipset of the drive circuitry. In fact, as is appreciable for 
persons skilled in the art, the inventive apparatus may, for example, be integrated 
in the CD-ROM decoder 31 of FIG. 3, or even in the microcontroller itself. 

While the invention has been described by way of example and in 
terms of preferred embodiment, it is to be understood that the invention need not be 
limited to the disclosed embodiments. On the contrary, it is intended to cover 
various modifications and similar arrangements included within the spirit of the 
appended claims, the scope of which should be accorded the broadest 
interpretation so as to encompass all such modifications and similar structures. 

4. Brief Explanation of the Drawings 

Other objects, features, and advantages of the present invention will 
become apparent by way of the following detailed description of the preferred but 
non-limiting embodiments. The description is made with reference to the 
accompanying drawings in which: 

FIG. 1 is a block diagram showing the electronic controller circuitry of 
a conventional CD-ROM drive; 

FIG. 2 shows the conventional interfacing connection, between the 
microcontroller, the firmware memory and the CD-ROM drive decoder with 
respect to the drive IDE interface that is typical in the CD-ROM drive of FIG. 1 ; 

FIG. 3 shows the block diagram of the electronic controller circuitry of 
the CD-ROM drive employing the apparatus for on-site firmware code upgrade in 
accordance with a preferred embodiment of the invention; 

FIG. 4 shows the schematic diagram of the programming controller of 
the CD-ROM drive embodying the electronic circuit configuration of FIG. 3; and 

FIG. 5 shows the schematic diagram of the multiplexer of CD-ROM 
drive embodying the electronic circuit configuration of FIG. 3. 
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An apparatus and the method for upgrading the firmware code of an 
optical disk drive via the ATA/IDE interface are disclosed. The optical disk drive 
has a firmware code memory and a microcontroller that executes the firmware 
code. A drive decoder decodes to connect the optical disk drive to a host computer 
system via the ATA/IDE interface. The apparatus includes a programming 
controller that receives signals from the ATA/IDE interface and performs 
input/output decode determines whether the host computer system has requested 
for upgrade of the firmware or for maintaining the optical disk drive in normal 
operation. A multiplexer has a first input connected to the programming controller, 
and the second input connected to the microcontroller. The multiplexer switches 
the first input to the memory device via the multiplexed output for performing a 
firmware upgrade operation when the host computer system requests for a 
firmware upgrade. The on-site upgrade operation can be performed without access 
to the inside of the drive unit. 

2. Representative Drawing 
F i g - 3 



